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(54) mWCDZm RCr7i7^ h« 



(57) 

[*Bfc*Sl m*%tr> C:0. 03 — 0. 12. S 
i : 0. 1—0. 7 „ Mn : 0. 1 — 1. 0. P : ^ 
0. 025. S : ^0. 015, Cr :8- 13. M 

0 : 0. 1—1. 5.W:0. 1 — 3. 5.V:0. 0 

1 — 0. 3. Nb : 0. 01—0. 2. Co:0. 1 — 
3. Cu : 0. 1 — 3, N i : 0. 1 — 1. B : 0. 0 
005 — 0. 0 1 . N : 0 . 01 — 0. 1 £r"g^. $ h 
KHf :0. 01—0. 5. Z r : 0. 01—0. 5~. 
Ta:0. 01 — 1. 0. £fcteO s : 0. 0 1 — 3O 

r 7x7^ hSlT?fc5o 



(2) 

J 

[«l*35l] fiSK:0. 03-0. 12 

%, ^|{t:0. 1-0. 7 %. V^f^ : 0 . 1- 
1. 0%, y>-:^0. 0 25%,"-f :"£0". 01 
5%, A : 8 — 1 3%, ^y l/v^ : 0. 1 — 1. 
5%, 5^>f?."T is : 0. 1 — 3. 5%, Xtv^^A: 

0 . 0 1 — 0. 3 %, : 0 . 01 — 0. 2 %. =1 

: O. 1 — 3%, ®:0. 1 — 3 %. ~ ytfis : 
0. 1 — 1%, : 0. 0005 — 0. 0 1% 1 

H:0. 01—0. 1%, /n^-^A : 0. 01 — 0. 70 

C r 7 hffio 
[»**2] K*:0. 0 3-0. 12 

%, ^-f^: 0. 1 — 0. 7%. ^lsjf^ : 0. 1- 

1 . 0 %, y V : ^ 0 . 0 2 5% ^ ^ : ^ 0 . 0 1 
5 %, ^pA: 8 — 13%, U Zff is : 0 . 1 — 1 . 
5%. ^^^V : 0. 1 — 3. 5%. ^v^-A : 
0 . 0 1 — 0. 3 %, : 0 . 01—0. 2 %, =3 
/Wh : 0. 1 — 3%, ^:0. 1 — 3 %, ~ ;y ^/W : 

0. 1 — 1%, &<?m :0. 0 0 0 5 — 0. 0 1% I 20 
m : 0. 0 1 — 0. 1%. vvl^^r>A : 0. 01 — 
0. 5%£r&3K mm*&&£Xfi^WMft*mVofrt>tl: 
Z>MC r 7x7^ h®lo 

[»3ft*3] m*%-e, K*:0. 0 3-0. 12 
%, ^ltf:0. 1 — 0. 7%, ^V^/^rO. 1 — 
1 . 0%, y > : ^0. 0 2 5%, <i*& : ^ 0. 0 1 
5 %, ^ n A : 8 — 13%. ^]) 7 s ? is : 0 . 1 — 1 . 
5%. 9ls?**?-ls z 0. 1 — 3. 5 %, s<*3~is& J* : 

0 . 0 1-0. 3 %, =^ : 0 . 01—0. 2 %, =* 

: 0. 1 — 3%. S3:0. 1 — 3%. z=.y^rjU : 30 
0 . 1 — 1 %, * $m : 0 . 0 0 0 5 — 0. 0 1% 1 
X : 0. 0 1 — 0. 1% N ? V^yu- : 0. 01 — 1. 0 

r -? ^=7«< hm 0 

[IS*l4] S*%"C. : 0. 0 3-0. 12 

%, -SM^iO. 1 — 0. 7%. -^>-;*f>:0. 1- 

1. 0% x y^:^0. 0 2 5%. 4*^:^0. 0 1 
5% ^nA:8-13%^^f>:0. 1 — 1. 
5%, ^>^^>:0. 1-3. 5%. : 

0 . 0 1 — 0. 3 %, :0. 01-0. 2% □ 40 

: 0. 1 — 3%, ^:0. 1 — 3%. : 
0. 1 — 1%, fc$M:0. 0 0 0 5 — 0. 01% i 
m : 0. 0 1—0. 1%, 7r7 : 0. 01 — 3 

[0 0 0 1 1 
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[0002] 

fy^R Cr^t^9-l 2%Oi|Cr7x7'< 
Ym. 2 1/4C r-lMoi (J IS STBA24& 

V^£ 0 wCO*-et>> 9-12%Cr7x7^hi^ ^ 

— ^r-r-i h%**7 L isi'*m^it^ 1) ^ffi-efes, 

2) j»BfK*^,hSi\ 3) j£;*K£«ft&jBUw< 
V\ 4) SRe5»tt^Av^fl!>«*LfeW««:#bTV>So 

[0 0 0 3] 
[0 0 0 4] 

(1) mm (C) : 0. 0 3-0. 1 2%, tr^m (S 
i) : 0. 1—0. 7%. -^1/13^ (Mn) : 0. 1 — 

i . o%, y is (p) : ^ o. 025%, >r^-^ 

(S) :^0. 015%, ^nA (Cr) : 8 — 13 
%s ^^fy (Mo) : 0. 1-1. 5%, Pis?* 
7^V (W) : 0. 1-3. 5%, x^v^A (V) : 

0 . 0 1—0. 3 %, —jrzf (N b ) : 0 . 01 — 0. 

2%, rry</ub (Co) : 0. 1—3%, ffi (Cu) : 

0. 1 — 3%, —yfr/V (Ni) : 0. 1 — 1%, 
|jf (B) : 0. 0 0 0 5 — 0. 0 1%, (N) : 

0. 01 — 0. 1% ^7^!)A (Hf) : 0. 01 — 

0. 5%«r£*\ affld$ft*5«t^-5r»»^ttft^C>ft 

^^C r 7^7^ hm o 
{2)mm:0. 0 3-0. 12% ^1:0. 1 — 
0. 7%, vy^fy :0. 1 — 1. 0%, y>:^o. 
0 2 5%. 4**7 :^0. 015%, : 8— 13 

%, ^y^>: 0. 1 — 1. 5%, ^>^7^>: 
0. 1 — 3. 5%. s<Ti?t?J* : 0. 0 1—0. 3%, 
^^-^ : 0 . 0 1—0. 2 %, ^s<jV Y : 0 . 1 — 3 
%, ^:0. 1 — 3%. -y&sUiO. 1 — 1%, /Jx^ 
^:0. 0005 — 0. 0 1% ti:0. 0 1 — 0. 
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3 

1% vVUn-^A: 0. 0 1 — 0. 5%*r&3^ 

('3)SS'*:0. 0 3-0. 121 ^1:0. 1 — 
0. 7%, -^VtfV : 0. 1 — 1. 0%. !)y:^0. 
0 2 5%, JjrV :^0. 015% ^nA: 8-13 
%, ^-y^T^ : 0. 1 — 1. 5%, 
0. 1-3. 5%. ^^£A:0. 0 1—0. 3%, 
~Jr7 \ 0. 0 1—0. 2%, a/^h: 0. 1 — 3 
%, «:0. 1 — 3%. ^y^VUrO. 1 — 1%.*? /0 
ig:0. 0005 — 0. 0 1% ti: 0. 0 1—0. 

1%, 0. 01-1. 0%£rg^. 

(4)mm:0. 03 — 0. 12%. ^5ft:0. 1- 
0. 7% vy^fy : 0. 1 — 1. 0%, !/ V:^0. 
0 2 5%, -f :^0. 015% N ^nA : 8 — 13 

% ^ey/fy : o. i — i. 5%, ^y^^v : 

0. 1 — 3. 5%, s<-ti?9J» : 0. 0 1—0. 3%, 
~3~zf:0. 0 1 — 0. 2% n/^h: 0. 1 — 3 
%, «:0. 1 — 3%. n^Jr/U : 0. 1-1%,*^ 20 
^:0. 0005 — 0. 0 1% t|: 0. 0 1—0. 

1%, : o. o i-3%£rg^ mmm 

[0 0 0 5] 

mrnmm] uv^-otgwttt. asms 

U hO»fiRSrfli»Ji-S«l*Ofc5Co, 

cu, n i £ig*^DUfc:: t&ft'&k u It%-e, 

C : 0 . 0 3 — 0. 12%. S i : 0 . 1 — 0 . 7 %. 
Mn : 0. 1 — 1. 0%. P : ^0. 0 2 5%, S : ^ 50 
0. 0 15%. C r : 8 — 13%, M o : 0 . 1 — 1. 
5%. W:0. 1 — 3. 5%. V:0. 0 1 — 0. 3 
% Nb:0. 0 1-0. 2% Co:0. 1 — 3 %, 
Cu:0. 1 — 3%. Ni:0. 1 — 1%. B:0. 0 
005 — 0. 0 1%, N : 0 . 01 — 0. 1%, Hf: 

o. oi-o. 5%«r&*. mnte&&£r*^&&i* 

[ooo6] &T^*mmm\c&tf t*: 
(DrnfemteZTF-fo c {mm) Ntthic^ cr. 40 

Tf^fflU 5-7x7^h^M»m o 0. 0 3 

%*«r^^b^m^^-H5>T^ y> . ^05-7x7 

0. 1 2%^xT^J!JD-t-^^> jK{b^J^P3^f£i3^i: 

^4C6 0 Lfc^oT, 0. 0 3- 

0. 12% $}f Kit, 0. 0 5-0. 11%T^ 50 
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S Q 

[0 0 0 7] Si «r>f*) tt. J&g£#J£ LTfEfflU 
*fe»^«IMtWttS:*«>*5c*"CfcS3^. 0. 7% 

$>5 e tut, 0. l%*«©jRira-eH:-t^S!i*35S»b*t 

ufc^ 0 T, *:<Dfg.5mmn. o. 1-0. 7% 
-efcs 0 

[0 0 0 8] Mn (-rlstf^) f±, Si^PtMSJ^ 

{ts^iDXttSraftp. 0. i%*w<oaara-ett 
0. i-i%-e£>6 0 

[0009] p (yy) *$£tfs mm) v^-rttt 
^cr 2 03 ^^si^r^ia, sue. w«-*5 

LT, ^O-LPStt. Pf20. 0 2 5%, Sf30. 0 15 
[0 0 10] Cr ft;, Cjo^Nt^LT 

*nirs£ s h&±&L, j $>~f<&&km&&m 

t£0o Ifc^ot, *:0>j*$M6iatt* 8-13%"Cfc 

So 

[00 1 1] mo (^eu/fy) te, W£<ht>tc, fftft 

y — ym&tmT'rZa 0. 1 %*ato«ai-ctt 

0. 1-1. 5%, #£L<te. 0. 1 — 1. 0%-Trfc 

So 

[0 0 1 2] W (^y^T^) fi, -B£G9£:fc9©:fi 

U 3. 5%S:gttSint6i: 6 h&&& 
b J M-<*So 0. 1 %*9S<^^-T?i*^<oa* 

3&s*t>ixftv\ bfc^or, ^©Simitt, 0. 1 — 

3. 5%, »*b<tt. 1. 5-3. 0%"CfeSo 
[0 0 13] V (y^v^^A) « % Nb^H^ C, 

So ud^u. o. 0 i%*mx~te-\-&j£%}&iimt>ti 
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5 

5 o tfc^ot, -t<&fifc#t&fflfa. 0. 0 1- 
0. 3%. £f£L<ia. 0. 10-0. 
[0 0 14] Nb (^^) fa. ±&<Dt 

i&s*>5. l^u o. o i%**i?tt±Eo3b*as#e> 

x., ^y 9. bfc^oX, ^tf>#c 
jMfiHtt* 0. 01-0. 2%, »*U<tt. 0. 03 
-0. 1 %-?£>£<> 
[0 0 15] Co (a/</Uh) tt, Cu-^N i ^£[^131 

*Sr»»J-rsSb*^*>So N i titttt^Ol 

CTLTAc llttfiTi s *ft<, ^IltS^riK 
K5&T?££f»J;&a**>5. <fcoT. CooBiOilt 0. 

o. i%*»-ett. +»*»*3W»fo 

[0 0 16] Cu («) ta. .Xt 1 -*^ h^C^TcSt 

flpxtttco^-aa. n i &mmmu*tz>^kx~1mJL&$: 
[RlJi-e#^o E±^r<bJ:^ c u (DjSSHSHtt. 0. 
1 — 3%. »*L<tt, 0. 5-2. 5%-Tr£>£ 0 
[0 0 17] Ni {—yfrfr) fa. t-^ft^ 

%zm^zkmu*})-7&g£*mte : i t , Nit 

Cu<Dy<7^7.^mMitXN i ^1/4 Cutt^r^: 
T% CuCO#4^D (CuSrl%£Jl±jS*Pi-S*fr) 
J:«fRIBllDX«F<7>i9*bS:B&ih^5wi:dS-e#So Lfc^s 
oT. Cu^/<7^Hx.T, -^f&^ISfa. 
0. 1-1%. 03; L< fa, 0. 1-0. 7%T*£>£ 0 

[0018] b fa. ffi»ftoaainiT?*AtLtt 

jf^£>5 0 o. ooo 5%*»-et± j eoja*^s < , 

0. 0 l%*jg;t5£*DXteS:S*5o «ot, -t 
0/£#^Hia. 0. 0 0 0 5 — 0. 0 1% $fll< 

fa. o. ooi — o. 0 0 7%-cs>5 o 
[0019] n mm) ta. c t mm. c r . f e . 

v, n b ^ ^ Lt^t{b%eMt 5o 0. 0 1% 

*«"t?fa-t©a*is*<. o. 

a*oT. ^:Of&#®Sfa. o. 0 1-0. 1%, £f£L 
<ta. o. o2 — o. 0 7%-e£>5 o 

[0 0 2 0] Hf ft. F e k(D^7 

7 4 y V m^CD^m^) < . F e ft^fet 
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i&£P&m-r6o ba>u o. oi%*iT(^©a^ 

fa. 0. 0 1 — 0. 5%T?fcS 0 
[0 0 2 1] *»^0#*UV^X<Ol!iaSW:. ^*Dtc* 

u, Ni SrSSSsflP Lfcr t *mkk U mft%~e. 
70 C : 0 . 0 3 — 0. 12%. Si : 0. 1 — 0 . 7 %. 
Mn : 0. 1 — 1. 0%. P:^0. 0 2 5%. S :^ 
0 . 0 1 5 %. C r : 8 — 1 3 %. M o : 0 . 1 — 1 . 
5 %. W : 0 . 1 — 3 . 5 %. V : 0 . 0 1—0. 3 
%. N b : 0 . 0 1 — 0. 2 %. C o : 0 . 1 — 3 %. 
C u : 0 . 1 — 3 %. N i : 0 . 1 - 1 %. B : 0 . 0 
005 — 0. 0 1%. N : 0 . 01—0. 1%. Z r : 

0. oi — o. 5%st&3k ssa5ia»*3«tt) 5 ^"5raiw^ 

20 [0 0 2 2] aTtC. ^X^>«8«m*5tt5*3BM»!^* 
^#Otf^£^<DP&^&£^ 0 C. S i. Mn. 
P. S. Cr. Mo. W. V. Nb. Co. Cu. N 

1. B&iiwt-ovv-cia. m— (omMtmcxfrZo 

Zr (v?/U=r~^ i0 fa. Fei«^^7^5/F 
m^-<Dm&&&) < . F e *T?©ffift«ft^*: 

Z r UN t SB* 1 1 f ft* i tt«f tb L, ^ffi^jlib^ 

Pi$^5o l*»u o. o i%*WT?ta j e^*^35t 

tt^(&Ti"Sfc^, -t^5M6HJa. 0. 0 1-0. 5 
%-?&£o 

[0023] *?g^©»* uv^=<offi«tt. mtoTtm 

6 -7=^74 b(OMfo*$bffl'1rZ>%l$k<D$>Z>C o. c 

u. Ni *a*«6*pu/trt&4*«t u m*%r% 

C : 0 . 0 3 — 0. 12%. Si : 0 . 1 — 0 . 7 %. 
Mn : 0. 1 — 1. 0%. P : ^0. 0 2 5%. S : ^ 
0 . 015%. Cr : 8 — 13%. Mo : 0. 1 — 1 . 
40 5 %. W : 0 . 1 — 3 . 5 %. V : 0 . 0 1 — 0. 3 
%. Nb : 0. 0 1 — 0. 2%. Co : 0. 1 — 3%. 
Cu : 0. 1 — 3%. N i : 0. 1 — 1%. B : 0. 0 
005 — 0. 0 1%. N : 0 . 01 — 0. 1 %. T a : 

o. oi — i. o%£rg-^. «sura«*3<fc^pr*»^F 
&m*h&z>Mu&mc&thrciizc r 7^7^ bm*m 

[0 0 2 4] £IT\^ «=©H8«^*5*a5*aSM«0# 

&&<DtEmk*<Dvsimmm&7F'r 0 c si. Mn. 

P. S. Cr. Mo. W. V. Nb. Co. Cu. N 

so i. B^ar/Nico^-cta. <omm.tmtx$>z> 0 
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i^^S^-b#^^:5o btf>U 0. 0 1%*1 
r*^co^m^^<. ^fci%^gx.T^Di-6i^M 

6 e lf:^ot, *:<D$L$r%m\^ 0. 0 1-1. 0% 
[0 0 2 5] «^(D^$ LV^BgcoS^I^. ^Otc^ 

u.Ni ^Sft^nufcr ££4#lf&£ u m&%x\ 

C : 0 . 0 3 — 0. 12%, Si : 0. 1 — 0 . 7 %, 
Mn : 0. 1 — 1. 0%. P : ^0. 0 2 5%, S : ^ 
0 . 0 15% Cr :8-13%, Mo:0. 1 — 1 . 
5 %, W : 0 . 1 — 3 . 5 %, V : 0 . 0 1—0. 3 
%, N b : 0 . 0 1 — 0. 21 Co :0. 1 — 3 %, 
Cu:0. 1 — 3 %, N i : 0 . 1 — 1 %, B : 0 . 0 
0 0 5 — 0. 0 1%, N : 0 . 01 — 0. 1 %, O s : 

0. 0 1-3%m, mUte&tekV^&ft^Vo 

[0026] j^tm, mw<Dmmc&tfz>$:mwm<v& 

^(O^mt^^^t^M^^iTo C, Si, Mn, 
P, S, Cr, Mo, W, V, Nb, Co, Cu, N 

_t#-r5^, &m&*&&x*:<Diim*3%ftz> 0 ^ 

fc, 0. 0 l%7£mxte*: ?£^<DX\ 
©Htt, 0. 0 1-3/0%tfc5. 

[0027] &mm<v@}U&&\cmthtz^c r y^^^c 

1, mn{c&\,^xh&^xz?£^h<D*£-rh<Dx&> 

9, J^fcifttCte, Al , O, Sn, As,. Sb-CfcSo 
^Sft^^^fAi: LTf*, P<0. 0 3, S< 

0. 03, AK0. 01, O<0. 01, Sn<0. 

01, As<0. 01, Sb<0. oi-e£>5 0 
[0 0 2 8] 

immm &T^Mr#&t£mmmic^xmm^z*K 
mm&n 

mx&z> 0 Am. sm. cm&. tn^f^mm^m 



m<D&mMmzj£#)b1%tcXSTB A2 7, *STBA 
28, *SUS410J 2TBta^OM^T^»9, VM 
ttD I NM(OX 20CrMoV12 1 ftm<Dttnx&> 

xmrni-. 4>^y h^iiso-95 ox:xmmis 

fc 0 Am. B$U2, iI#<^Sfc*2S<h U1 0 50txi 
h r • A. C (Sift) <E>;l&#&ibU£> 7 7 O^X 1 h 

r - a. c<Dm$ML'®M&ft<>t^ cm&zwm 

te, UOOtXlhr - A. C«#^blf, 7 6 
/0 0tx2hr - A. c^Il^trot *^ejf 
fflfcfc. 1 0 7 0tX3hr «A. C<D^£ft£>U&, 7 

8 OtX 2 h r - A. cngt^m^f&m&ftotio 

[0 0 2 9] rtbbO^^^o^T, (JIS 
Z 2241) , (JIS Z 2242) io<fctf^ 

y-^m^f^ (JIS Z 2272) £r*Tofc 0 §|»RR»£ 
^^6 0 0tt\ * y— 7Tfc»K»fi6 0 6 50 

7 0 O^t-joV^TftS 1 0 0 0 0 h r Sff 0>SB#KI 
K»*ffV\ 6 5 0tX10s hr^'j-^WM^: 
^fzo ix^^tr-aWKfktt. JIS Z 22021^^ 

20 m Lt^-I«II^5:*ftto 

[0 0 3 0] *3fc«ifee*«:^1% *3iOWM>4 

50 [0 0 3 1] mt&m 2 

^i- 0 *3 £9 9je>a>*«fc3^ l 

(fffAA-AL) tPf, ^?a. eoot^rt) 
§I3RS**S3J:U5o. 2%Mt)\z&\,^Xltmm£*)^m 

i£&m^&^x&mz.mtix\<^z>^bfrt>frz>o 
[0032] sk±<D&it£ s *&mmi>nmMi<o&m 

7U^(D-oT^5 Z r fi, 1 bfcH f X V 

fcScffiTf*>Sr*a*&, HJ£fisilo^fflJ:t)fcSSF«) 

[00 3 3] ^iS0y 3 
*tt«l^Rli:*«feK:J:9*«W«3 (fftCA-c 
50 D o^i5S^^, v-^/utr— y— TTiK 
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jft»*j:5ic % ttmmte. mmmi(ommm w«-aa xnMttxiKm (Hfaarafli) , ^ts«2 (zr^jp 

-AD J: WML tt* 6 0 0*Gj:4>3l3ntdd3J:tf- 0» *J:t«aii«3 (Ta^JoSS) J; 5 

0. 2%j»*{c43V^lttt«J:9iBv^ffl[S:^U"CV^o JSSDtc* (Os) of e ^G>H*BWSl£v^ bfrh&< 

»aic«*b-Cv>5wi:ist)d^o #$giEffl<z>5£«: [0 0 3 6] B±oi5^ *»W*tt. ta6*«*:*:« 

l (HffiAlM *3J:r/*«6«2 (z r 70 t>K«a!*«liifftLfc*m'Cfc5. *3WW«i. ilWi 
. ?) fcWBcSSSPTcSI (Ta) cof - 3 coggipjfflj; 9 t>ii5?a^St-ffi^5 r. t 

[00 34] J£JLhO J: p %%0l«r*« WlMfclft-kfc:**-*-*. 

\c±®%mm&mt, &$mtmm<Dm&&m^it#& [0037] 

X'%>z>hkh\^ mmmi. 2»c»ufc»w«iJ:9t>i« [*9!<&«i*] ±*£<£><b*s<9. *«nffa, tuoTt 

£«r*&«c«J»IU ^7^hofB«ttlRlJil-*^i-5 0 20 AW* 5 fcco-e£>£ 0 *»W«P«4, ^-^rt^f h*t*> 
[0 0 3 5] HJ£#J4 5SUS347HTB. SUS 3 2 lHTB3oJ;tFSU 

mmmi tm^m^^^^mmm^ wtDA-D s 3 1 6htb hm*f&L±<o* y — -t^bl^^x^ 

— A L) 6 0 0°Ct fcSIKSSfeJ:^ ^o^(D^3tp^^{cj^<iSffir*#5t>o-Cfe ; 5o 

0. 2%H^(C*5V^Jtt5£ffl<fc«?]ffiV^^UTV^o [0 0 3 8] 

s «bM> *&wm<D? y -^aaw^ttttiMBfcifc^T [^ 1 ] 

fc^ C Si Mn P S Cr Mo W V Mb Co Ni Cu Hf Zr Ta Os B N_ 

A 0.06 0.28 031 0.015 0.010 8.92 2.00 ' 

JtR& B 0.09 037 0.44 0.008 0.005 9.04 0.98 - 054 0.07 - 0.08 - 0D4i 

C 0.11 030 0.56 0.010 0,005 12.10 1.00 1.02 0.27 ai4 

D 052 033 0.58 0.022 0.004 1134 0.88 - 030 - - 0.64 : : : : ' ' - 

AA 0.08 032 0.51 0.008 a<K)6 10.48 0.14 502 0.19 0.07 0.53 0.48 1.86 053 - - - 0.GG3 0.046 

AB 0.08 031 0.49 0.007 0.005 10.71 0.18 511 051 0.06 1.86 051 0.72 055 - 0-005 0-048 

AC 0.07 058 0.50 0.006 0.004 1130 0.17 2.43 050 0.08 2.01 036 136 031 0.004 0.045 

AD 0.06 033 0.18 0.007 0.006 1135 0.18 565 053 0.07 2.51 0.47 1.89 0.08 - 0.003 0043 

AE 0.09 059 0.49 0.007 0.005 11.06 0.16 2X» 052 0.07 1.89 0.49 1.91 0.15 - - - 0-003 0.042 

*&Wmi AF O08 030 032 0J006 0.006 11.40 0.15 ZOO 0.19 0.08 1.81 0.43 1.45 0.06 - 0XX* ^ 

AO ail 051 0.50 0.008 O006 8.89 0.75 2.93 0.17 0.09 1.93 031 0.82 0.23 - 0.0G2 0.035 

AH 0.06 054 0.46 0.008 0.005 10.13 0.15 558 054 0X)5 1.78 053 0.79 051 - 0.003 0.051 

AI 008 053 0.26 0.006 0.005 9.15 0.81 1.61 0.18 0.08 0.95 0.41 1.23 030 - 0JW3 0.044 

AJ a09 030 0.47 0.007 0.004 10.12 ai5 2.60 ai9 0.07 i.Sl 0.19 0.75 0.22 - O003 0.039 

AX 0.10 0.23 0.49 0X506 0XW6 1055 0.23 2_S2 050 0.08 1.05 0.40 1.45 0.09 - 0-003 0.045 

AL 0.07 031 0.48 0X308 0.005 12.03 0.16 2.61 a 21 0.08 1.90 0.50 1-92 0.13 : 0J ** 

BA 0.09 030 0.49 0D08 0.005 10.49 0.1B 2.80 a23 0.06 033 031 1.98 - 0i» - - 0.004 0-045 

BB aiO 059 0.48 0DO7 0.006 11X15 0.16 2.60 052 0.08 541 0.15 039 - 050 - - 0.003 0-046 

BC 008 057 031 0D08 0.004 11.80 a20 1.91 CU9 0.07 1.81 051 0.80 - 0.13 - - QXM3 0.045 

BD 0.11 031 030 0.006 0.007 10.73 0-63 233 052 0.07 130 033 250 - 0.06 - - OXXB 0.044 

BE 0.09 058 0.47 0D08 0.005 8.99 0.72 2.92 051 0.08 252 053 0.92 - 0-41 - 0-005 0.048 

^i§|2 BF 0-07 031 0.48 0XXT7 0.006 9.10 032 235 053 0.07 1.79 0-16 0.75 - 032 - - O003 0.047 
BG 0.06 030 0.19 0.006 0.005 12.05 0.14 2.00 a 17 0.07 1.91 0.52 1.83 - 0X7 - - O003 0.039 
BH 0XB 0.23 031 0XX» 0.006 11.53 0.15 258 0.20 0.08 1^3 032 153 - 033 - - O004 0.042 
BI 0.10 054 0.46 0.007 0XW7 11.61 0.18 2.45 0.18 0X» 254 035 135 - 055 - - 0XJO3 0.03 
BJ 0.09 050 0.44 0.006 0.008 10X1 0.48 136 054 0jQ3 160 021 0.62 051 -. 0.041 
BK 0XJ7 051 055 a008 0X106 10.12 0.15 160 021 OXH 1^1 053 0.81 - ai5 - - 0JX3 0.044 
BL 0X)8 030 0.49 0.008 0.005 10X15 0.18 231 0.20 0.06 1.95 037 1.4S ; O06 : Z aQ04 0.045 
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CA 


0.07 


0.29 


0.50 


aoo7 


0.006 


8.96 


0.81 


1.62 


0.21 


0.08 


1.62 


0.40 


133 - 


031 


- 


0003 0.043 




CB 


0-08 


0.33 


0.49 


0.008 


0.005 


11.83 


0.21 


2J>1 


023 


0.07 


232 


0.43 


131 


033 


- 


Oj003 0.043 




cc 


0.10 


0.34 


0.35 


aoo7 


0.005 


10.12 


0.15 


2.00 


0.19 


0.07 


1.81 


0.46 


1.64 


0.75 


* 


0.005 0.045 




CD 


0.09 


0-29 


0.48 


0.006 


0.007 


9.05 


0.14 


2.60 


0.20 


0.06 


133 


0.47 


1.83 


0-88 


- 


0.004 0.046 




CE 


0.08 


0.27 


0.49 


0.007 


0.004 


12J04 


0.11 


2.35 


0.22 


0.07 


2.46 


034 


132 


0.68 


- 


0J0Q3 0.048 




CF 


0.09 


030 


0.51 


0.007 


0.006 


11.01 


0.21 


1.86 


0.23 


0.08 


235 


0.45 


1.65 


030 


- 


0.004 0.047 




CO 


0.06 


023 


ais 


0.007 


0.005 


10.53 


032 


2.41 


0.17 


(X09 


2.64 


031 


0.92 


0.54 


- 


OD03 0.039 




CH 


an 


0.28 


0.48 


0.006 


0.006 


10.13 


0.15 


ZOO 


0.24 


aos 


1.82 


0.48 


1.85 


0.91 
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O003 0.042 
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0.09 


0.31 


0.26 


0.006 


0.005 


10.76 


0.18 


231 


0.21 


ao7 


231 


0.26 


0.94 


0.74 
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OJXW 0.051 




CJ 


0.10 


0:24 


0.46 


0.007 


0.005 


11.02 


0.17 


2.34 


0.20 


ao7 


2.08 


0.47 


1.25 


0.64 
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0.003 0.045 




CK 


0.09 


0.18 


0.44 


0.007 


0.006 


10.12 


0.13 


1.98 


0.19 


0.08 


1.99 


031 


0-86 


0.86 




01004 0.044 




CL 


0.07 


0.28 


0.51 


0.006 


0.006 


10.51 


0.21 


2.05 


0.21 


0.07 


234 


031 


1.43 


0.87 




0,003 0.049 




DA 


0.08 


0.28 


0.45 


0.008 


0.006 


10.50 


o;i5 


2.56 


0.20 


0.07 


1.81 


0.26 


0.87 




0.95 


0.003 0.045 




DB 


ao? 


0.30 


0.48 


0.007 


0.004 


10.75 


0.17 


2.41 


021 


0.08 


1.85 


0.35 


0.94 




1.25 


0.004 0.044 




DC 


0.06 


0.28 


036 


0.008- 0.005 


11.28 


0.16 


2.20 


0.22 


0.06 


1.86 


0.48 


1.80 




138 


OD03 0.043 




DD 


0.08 


031 


0.51 


0.009 


0.006 


9.02 


0.17 


2.05 


0.19 


0.07 


2.03 


0.19 


0.78 




1.31 


0.003 0.046 




DE 


0.09 


0.27 


0.47 


0.008 


0.007 


11.05 


0.35 


2.07 


0.23 


0.08 


1.91 


0.46 


1.83 




0.98 


0.003 0.050 




DF 


0.08 


0.29 


0.48 


0.007 


0.006 


1132 


0.18 


2.04 


0.19 


0.08 


1.88 


0.48 


1.85 




1.00 


0.003 0.049 
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0.49 
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6.96 


0.84 


231 
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0.07 


2.43 


0.19 


0.65 




t.65 


0.003 0.039 
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0.05 


0.31 


0.49 
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0.007 


10.12 


031 


2.18 
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0.08 


134 


0.28 
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1.78 


0.005 0J045 
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0.006 


11.01 
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1.64 
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0.09 


1.74 


035 
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0.004 0.052 




DJ 


0.07 


0.19 


0.48 


0.006 


0.006 


10.24 


0.25 


2.60 


0.24 


0.06 


1.97 


032 


0.94 




230 


0.002 0.041 




DK 


0.09 


0.21 


0.51 


0.007 


0.007 


10.10 


0.21 


1.98 


0.20 


0.08 


1.78 


0.19 


0.78 




1.01 


0.003 0-043 
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0.07 


0.15 


0.18 
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0.15 


2.60 
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031 


1.97 




1.65 


0.004 0.045 
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61.1 


38.7 


30 


34.0 


25.0 


38 
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1.9 




B 


68.9 


51.2 


25 


33.4 


26.1 


36 
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4.3 
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65.6 


46.0 


26 


323 


24.2 


35 


25 


5.0 
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78.8 


563 


20 


39.9 


30.0 


36 


20 


23 




AA 


813 


62.1 


21 


433 


35.1 


31 


3 


8.8 




AB 


80.2 


60.2 


23 


50.2 


37.9 


35 


10 


8.7 




AC 


82.5 


63.5 


24 


46.2 


35.6 


34 


0 


9.5 




AD 


773 


58.2 


25 


40.2 


30.2 


35 


10 


8.1 




AE 


793. 


59.4 


27 


423 


32.8 


34 


15 


8.6 




AF 


75.8 


56.0 


26 


392 


28.9 


33 


20 


7.9 




AG 


613 


61.9 


22 


49.9 


40.7 


33 


10 


8.9 




AH 


79.5 


59.4 


28 


42.6 


33.1 


37 


15 


8.7 




AI 


81.8 


62.7 


24 


503 


41.0 


32 


5 


9.0 




AJ 


81.6 


623 


23 


49.9 


40.7 


33 


5 


8.8 




AK 


78.0 


593 


28 


403 


30.8 


36 


10 


83 




AL 


78.6 


60.0 


28 


413 


32.0 


35 


15 


83 




BA 


79.2 


58.8 


28 


40.0 " 


303 


35 


20 


8.2 




BB 


79.8 


59.6 


25 


423 


32.8 


34 


10 


8.6 




BC 


79.8 


59.1 


28 


40.4 
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36 
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76.0 
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39.3 


29.1 
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15 
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833 


65.1 


28 


50.0 


423 


32 
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BF 


83.0 


64.9 


26 


50.1 


41.6 


32 
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9.5 


BG 


77.8 


S83 


26 


40.6 


303 


36 
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8.0 




BH 


B2.5 


62.8 


28 


50.2 


41.6 


34 
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9.4 




BI 


81.8 


62.7 


24 


47.1 


40.9 


33 


10 


! 8,8 




BJ 


78.8 


59-9 


28 


40.9 


31.0 


35 


10 
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BK 


80.0 


59.8 


27 


423 


33.0 


34 
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8.6 




BL 


77.8 


583 


26 


40.5 


30.4 


35 


10 


8.1 
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CA 


81.8 


70.7 


24 


48.0 


37.5 


33 


20 


10.0 




CB 


83.1 


71.4 


27 


47.9 


37.7 


35 


15 


103 




cc 


83.1 


71.5 


25 


47.8 


37.9 


34 


10 


10.6 




C3> 


833 


72.0 


23 


50.4 


42.0 


33 
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113 




CE 


83.5 


71.8 


23 


48.1 


38.2 


33 


10 


10.7 




CF 


83.4 


71.9 


25 


50.1 


413 


32 
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11.2 




CO 


83.2 


71J 


26 


48.2 


383 


33 


10 


10.8 




CH 


84.0 


72.1 


25 


50.0 


41.8 


33 
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U.4 
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83.6 
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25 
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39.7 


34 
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CJ 


82.5 
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27 


49.1 
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35 


10 
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CK 


83.3 


72.0 


26 


49.5 


40.8 


35 
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CL 


84.2 


72,5 


28 


50.7 


41.9 


34 
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113 




DA 


83.0 


713 


26 


50.7 


42.1 


35 


10 


12.0 




DB 


84.4 


72.0 


25 


51.2 


42.6 


33 
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12.4 




DC 


84.6 


72.3 


25 


S1.3 


423 


33 


5 . 


123 




DD 


83.9 


71.6 


25 


50.7 


42.3 


34 


10 


12.1 




DE 
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71.8 


24 
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423 


34 


15 
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10 
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32 
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26 
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33 
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85.6 
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10 
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(54) [Title of the Invention] High Cr ferrite steel 
(57) [Abstract] 

[Problem] To present a novel high Cr ferrite steel that can replace an austenitic 
stainless steel, be substantially enhanced in high temperature creep strength in 
temperature region of 600°C or higher, and has performance as well or better than 
existing low alloy steel in toughness, processability, and weldability. 
[Solving Means] The invention comprises, by wt. % , C: 0.03 to 0.12, Si: 0.1 to 0.7, Mn: 
0.1 to 1.0, P: <0.025, S: <0.015, Cr: 8 to 13, Mo: 0.1 to 1.5, W: 0.1 to 3.5, V: 0.01 to 0.3, Nb: 
0.01 to 0.2, Co: 0.1 to 3, Cu: 0.1 to 3, Ni: 0.1 to 1, B: 0.0005 to 0.01, and N: 0.01 to 0.1, and 
further comprising any one of Hf: 0.01 to 0.5, Zr: 0.01 to 0.5, Ta: 0.01 to 1.0, or Os: 0.01 
to 3, with the remainder of iron and inevitable impurities. 

[Claims] 

1. A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: <0.025%, sulfur: <0.015%, chromium: 
8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 0.3%, 
niobium: 0.01 to 0.2%, cobalt: 0.1 to 3%, copper: 0.1 to 3%, nickel: 0.1 to 1%, boron: 
0.0005 to 0.01 %, nitrogen: 0.01 to 0.1 %, and hafnium: 0.01 to 0.5%, with the remainder 
of iron and inevitable impurities. 

2. A high Cr ferrite steel comprising, by wt. %, carbon: 0.03 to 0.12 %, silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: <0.025%, sulfur: <0.015%, chromium: 
8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 03%, 
niobium: 0.01 to 0.2%, cobalt: 0.1 to 3%, copper: 0.1 to 3%, nickel: 0.1 to 1%, boron: 
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0.0005 to 0.01 %, nitrogen: 0.01 to 0.1 %, and zirconium: 0.01 to 0.5%, with the remainder 
of iron and inevitable impurities. 

3. A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: <0.025%, sulfur: <0.015%, chromium: 
8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 0.3%, 
niobium: 0.01 to 0.2%, cobalt: 0.1 to 3%, copper: 0.1 to 3%, nickel: 0.1 to 1 %, boron: 
0.0005 to 0.01 %, nitrogen: 0.01 to 0.1 %, and tantalum: 0.01 to 1.0%, with the remainder 
of iron and inevitable impurities. 

4. A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: <0.025%, sulfur: <0.015%, chromium: 
8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 0.3%, 
niobium: 0.01 to 0.2 % , cobalt: 0.1 to 3 % , copper: 0.1 to 3 % , nickel: 0.1 to 1 % , boron: 
0.0005 to 0.01 % , nitrogen: 0.01 to 0.1 % , and osmium: 0.01 to 3 % , with the remainder of 
iron and inevitable impurities. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a high Cr ferrite steel excellent in high 
temperature strength, preferably used as high temperature pressure-proof members in 
the fields of power generation boilers, turbines, and chemical plants. 
[0002] 
[Prior Art] 

As high temperature pressure-proof members for power generation boilers, 
chemical plants, and nuclear power plants, austenitic stainless steel, high Cr ferrite steel 
with Cr content of 9 to 12%, low Cr ferrite steel represented by 2 l/4Cr-lMo steel (JIS 
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STBA24), and carbon steel are used (all alloy contents in the specification are percent by 
weight). These materials are selected in consideration of the working temperature of 
members, pressure, environments of use, and economy* In particular, as compared with 
austenitic stainless steel, 9 to 12% Cr ferrite steel has excellent features: 1) low price, 2) 
small thermal expansion, 3) resistance to stress corrosion and crack, and 4) excellent 
thermal conductivity. Further, as compared with low Cr ferrite steel, it is excellent in 
resistance to high temperature corrosion and stress corrosion, and is high in high 
temperature strength. It is hence noticed as a substitute for austenitic stainless steel. 
[0003] 

[Problems that the Invention Is to Solve] 

It is an object of the invention to present a novel high Cr ferrite steel that can 
replace an austenitic stainless steel, substantially enhanced in high temperature creep 
strength in temperature region of 600°C and higher, and equivalent in performance to 
existing low alloy steel in toughness, processability, and wettability. 
[0004] 

[Means for Solving the Problems] 

The present inventor has accumulated intensive research and studies, and 
presents a high ferrite steel excellent in high temperature strength as described below. 

(1) A high Cr ferrite steel comprising, by wt. % , carbon (C) : 0.03 to 0.12 % , 
silicon (Si): 0.1 to 0.7%, manganese (Mn): 0.1 to 1.0%, phosphorus (P): < 0.025%, 
sulfur (S): < 0.015%, chromium (Cr): 8 to 13 %, molybdenum (Mo): 0.1 to 1.5%, tungsten 
(W): 0.1 to 3.5%, vanadium (V): 0.01 to 0.3%, niobium (Nb): 0.01 to 0.2%, cobalt (Co): 
0.1 to 3%, copper (Cu): 0.1 to 3%, nickel (Ni): 0.1 to 1%, boron (B): 0.0005 to 0.01%, 
nitrogen (N): 0.01 to 0.1 %, and hafnium (Hf) : 0.01 to 0.5%, with the remainder of iron 
and inevitable impurities. 
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(2) A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: < 0.025%, sulfur: < 0.015%, 
chromium: 8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 
0.3%, niobium: 0.01 to 0.2%, cobalt: 0.1 to 3%, copper: 0.1 to 3%, nickel: 0.1 to 1%, 
boron: 0.0005 to 0.01 %, nitrogen: 0.01 to 0.1 %, and zirconium: 0.01 to 0.5%, with the 
remainder of iron and inevitable impurities. 

(3) A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: < 0.025%, sulfur: < 0.015%, 
chromium: 8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 
0.3%, niobium: 0.01 to 0.2%, cobalt: 0.1 to 3%, copper: 0.1 to 3%, nickel: 0.1 to 1%, 
boron: 0.0005 to 0.01%, nitrogen: 0.01 to 0.1%, and tantalum: 0.01 to 1.0%, with the 
remainder of iron and inevitable impurities. 

(4) A high Cr ferrite steel comprising, by wt. % , carbon: 0.03 to 0.12 % , silicon: 
0.1 to 0.7%, manganese: 0.1 to 1.0%, phosphorus: < 0.025%, sulfur: < 0.015%, 
chromium: 8 to 13%, molybdenum: 0.1 to 1.5%, tungsten: 0.1 to 3.5%, vanadium: 0.01 to 
0.3 % , niobium: 0.01 to 0.2 % , cobalt: 0.1 to 3 % , copper: 0.1 to 3 % , nickel: 0.1 to 1 % , 
boron: 0.0005 to 0.01 %, nitrogen: 0.01 to 0.1 %, and osmium: 0.01 to 3%, with the 
remainder of iron and inevitable impurities. 

[0005] 

[Embodiments] 

A first preferred embodiment is characterized by adding Hf which has been 
rarely used conventionally as additive element, and by properly adding Co, Cu, and Ni 
which are effective for suppressing formation of delta-ferrite, and presents a high Cr 
ferrite steel excellent in high temperature strength, comprising, by wt.%, C: 0.03 to 
0.12%, Si: 0.1 to 0.7%, Mn: 0.1 to 1.0%, P: < 0.025%, S: < 0.015%, Cr: 8 to 13%, Mo: 
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0.1 to 1.5%, W: 0.1 to 3.5%, V: 0.01 to 0.3%, Nb: 0.01 to 0.2%, Co: 0.1 to 3%, Cu: 0.1 to 
3%, Ni: 0.1 to 1%, B: 0.0005 to 0.01%, N: 0.01 to 0.1%, and Hf: 0.01 to 0.5%, with the 
remainder of iron and inevitable impurities. 
[0006] 

The actions of the components used in the steel of the invention, and the reason 
of limiting the contents thereof are explained below. C (carbon), together with N, is 
bonded with Cr, Fe, V, Nb, and forms carbonitride, and contributes to enhancement of 
high temperature strength. Also acting as an austenite producing element, it suppresses 
formation of delta-f errite. If less than 0.03 % , the carbide deposition is insufficient, and 
delta-ferrite amount increases, and the strength and toughness are poor. If added by 
more than 0.12%, deposition of carbide is excessive, leading to excessive hardening and 
decline of processability, and weldability is poor, and welding cracks and other defects 
are caused in manufacture of pressure vessels. Hence the preferred content range is 
0.03 to 0.12 % , or more preferably 0.05 to 0.11 % . 
[0007] 

Si (silicon) acts as deoxidizer, and is an element for enhancing the steam 
oxidation resistance, but if exceeding 0.7%, the toughness is extremely lowered, and it is 
harmful for strength. If less than 0.1 % , the effect is not obtained. Hence the preferred 
content range is 0.1 to 0.7%. 
[0008] 

Mn (manganese) is a useful element as deoxidizer like Si. If added by more 
than 1 %, the steel is hardened and processability is spoiled. If less than 0.1 %, the effect 
is not obtained. Hence the preferred content range is 0.1 to 1 % . 
[0009] 

P (phosphorus) and S (sulfur) are harmful elements for toughness and 
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processability, and even a trace of S instabilizes the grain boundary and Cr 2 0 3 scale film, 
and causes to deteriorate the strength, toughness and processability, and the content 
should be as small as possible within the allowable range. Upper limits of inevitable 
contents are 0.025 % of P and 0.015 % of S. 
[0010] 

Cr (chromium) is bonded with C and N, and forms carbonitride, and 
contributes to enhancement of creep rupture strength, and also forms solid solution in the 
matrix to improve the oxidation resistance and high temperature corrosion resistance, 
and further fortifies the matrix to contribute to enhancement of creep strength. If the 
content is less than 8%, enough effect for oxidation resistance and high temperature 
corrosion resistance is not obtained, or if added by more than 13%, delta-ferrite is likely 
to grow, and strength and toughness are spoiled. Hence the preferred content range is 8 
to 13%. 
[0011] 

Mo (molybdenum), together with W, forms a solid solution in matrix, and 
enhances the creep strength. If alone, Mo can be added by about 3%, but when added 
together with W within the scope of the claims, W is more effective for enhancing the high 
temperature strength, or when Mo and W are added excessively, delta-ferrite is formed, 
and an intermetallic compound called Laves phase is formed during use for a long time at 
high temperature, and the creep ductility is lowered. If less than 0.1 %, its effect is not 
obtained. Hence the preferred content range is 0.1 to 1.5%, or more preferably 0.1 to 
1.0%. 
[0012] 

W (tungsten), as mentioned above, forms a solid solution in matrix and 
extremely enhances the creep strength. If added by more than 3.5 % , delta-ferrite is 
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formed. If less than 0.1 % , its effect is not obtained. Hence the preferred content range 

is 0.1 to 3.5%, or more preferably 1.5 to 3.0%. 

[0013] 

V (vanadium) is, together with Nb, bonded with C, N, and forms a fine 
carbonitride. This fine deposit is effective for enhancing the long-time creep strength at 
high temperature. At less than 0.01 % , its effect is not obtained, or at more than 0.3 % , 
the creep strength is lost. Hence the preferred content range is 0.01 to 03 % , or more 
preferably 0.10 to 0.25%. 
[0014] 

Nb (niobium), as mentioned above, forms a fine carbonitride, and contributes to 
enhancement of creep strength. It is also effective for suppressing growth of austenite 
particles in solution treatment. At less than 0.01 %, its effect is not obtained, or at more 
than 0.2%, undissolved NbC increases, and the creep strength and toughness are lost. 
Hence the preferred content range is 0.01 to 0.2%, or more preferably 0.03 to 0.1%. 
[0015] 

Co (cobalt) is an austenite stabilizing element, like Cu and Ni, it suppresses 
growth of delta-ferrite. As compared with Ni, it is less likely to lower the Acl 
temperature for its content, and it is advantageous that the tempering temperature can 
be set higher. Hence, the content of Co is 0.1 to 3 % . At less than 0.1 % , sufficient effect 
is not obtained, but at more than 3 %, the creep strength is sacrificed. 
[0016] 

Cu (copper) is an austenite stabilizing element, is effective to suppress growth of 
delta-ferrite, and it is also expected to fortify the solid solution and encourage the 
deposition. However, excessive addition may lower the strength and hot processability. 
Hot processability may be improved by adding Ni properly. Hence the preferred 
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content range is 0.1 to 3 % , or more preferably 0.5 to 2.5 % . 
[0017] 

Ni (nickel) is an austenite stabilizing element, is effective to suppress growth of 
delta-ferrite, and it also contributes to improvement of toughness, but if the content is 
more than 1 %, the high temperature creep strength is lost. In the balance of Ni and Cu, 
when the ratio by weight is Ni > 1/4 Cu, it is effective to prevent crack in hot processing 
due to excessive addition of Cu (Cu added by more than 1 %). Therefore, in 
consideration of balance with Cu, the preferred content range is 0.1 to 1 %, or more 
preferably 0.1 to 0.7%. 
[0018] 

B (boron) can enhance the hardening property by addition of only a trace, and 
is effective to disperse and stabilize the carbide. At less than 0.0005%, its effect is small, 
or at more than 0.01 %, the processability is spoiled. Hence the preferred content range 
is 0.0005 to 0.01 %, or more preferably 0.001 to 0.007%. 
[0019] 

N (nitrogen) is, like C, bonded with Cr, Fe, N, Nb, and forms carbonitride. At 
less than 0.01 %, no effect is obtained, but at more than 0.1 %, carbonitride is roughened, 
and the strength, toughness and processability are lost. Hence the preferred content 
range is 0.01 to 0.1 %, or more preferably 0.02 to 0.07%. 
[0020] 

Hf (hafnium) is large in misfit (degree of lattice distortion) with Fe matrix, and 
large in coefficient of diffusion in Fe, and when a solid solution of Hf is formed in Fe 
matrix, the motion of transition is disturbed and the high temperature strength is 
enhanced. If not forming solid solution, Hf is bonded with C to deposit as carbide, and 
motion of transition is disturbed. At less than 0.01 %, no effect is obtained, or if added 
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by more than 0.5%, an intermetallic compound is formed, and the toughness is lowered. 

Hence the preferred content range is 0.01 to 0.5 %. 

[0021] 

A second preferred embodiment is characterized by adding Zr which has been 
rarely used conventionally as additive element, and by properly adding Co, Cu 9 and Ni 
which are effective for suppressing formation of delta-ferrite, and presents a high Cr 
ferrite steel excellent in high temperature strength, comprising, by wt.%, C: 0.03 to 
0.12%, Si: 0.1 to 0.7%, Mn: 0.1 to 1.0%, P: <0.025%, S: <0.015%, Cr: 8 to 13%, Mo: 0.1 
to 1.5%, W: 0.1 to 3.5%, V: 0.01 to 03%, Nb: 0.01 to 0.2%, Co: 0.1 to 3%, Cu: 0.1 to 3%, 
Ni: 0.1 to 1 %, B: 0.0005 to 0.01 %, N: 0.01 to 0.1 %, and Zr: 0.01 to 0.5%, with the 
remainder of iron and inevitable impurities. 
[0022] 

The actions of the components used in the steel of the second preferred 
embodiment of the invention, and the reason of limiting the contents thereof are 
explained below. The actions and contents of C, Si, Mn, P, S, Cr, Mo, W, V, Nb, Co, Cu, 
Ni, B and N are same as in the first preferred embodiment. Zr (zirconium) is large in 
misfit (degree of lattice distortion) with Fe matrix, and large in coefficient of diffusion in 
Fe, and when a solid solution of Zr is formed in Fe matrix, the motion of transition is 
disturbed and the high temperature strength is enhanced. If not forming solid solution, 
Zr is bonded with N to deposit as nitride, and motion of transition is disturbed. At less 
than 0.01 %, no effect is obtained, or if added excessively, an intermetallic compound is 
formed, and the toughness is lowered. Hence the preferred content range is 0.01 to 
0.5%. 
[0023] 

A third preferred embodiment is characterized by adding Ta which has been 
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rarely used conventionally as additive element, and by properly adding Co, Cu, and Ni 
which are effective for suppressing formation of delta-ferrite, and presents a high Cr 
ferrite steel excellent in high temperature strength, comprising, by wt.%, C: 0.03 to 
0.12%, Si: 0.1 to 0.7%, Mn: 0.1 to 1.0%, P: <0.025%, S: <0.015%, Cr: 8 to 13%, Mo: 0.1 
to 1.5%, W: 0.1 to 3.5%, V: 0.01 to 0.3%, Nb: 0.01 to 0.2%, Co: 0.1 to 3%, Cu: 0.1 to 3%, 
Ni: 0.1 to 1 % , B: 0.0005 to 0.01 % , N: 0.01 to 0.1 % , and Ta: 0.01 to 1.0 % , with the 
remainder of iron and inevitable impurities. 
[0024] 

The actions of the components used in the steel of the third preferred 
embodiment of the invention, and the reason of limiting the contents thereof are 
explained below. The actions and contents of C, Si, Mn, P, S, Cr, Mo, W, V, Nb, Co, Cu, 
Ni, B and N are same as in the first preferred embodiment. Ta (tantalum) is large in 
misfit (degree of lattice distortion) with Fe matrix, and large in coefficient of diffusion in 
Fe, and when a solid solution of Ta is formed in Fe matrix, the motion of transition is 
disturbed and the high temperature strength is enhanced. At less than 0.01 % , no effect 
is obtained, or if added by more than 1 %, an intermetallic compound is formed, and a 
carbide is likely to be formed. Hence the preferred content range is 0.01 to 1.0%. 
[0025] 

A fourth preferred embodiment is characterized by adding Ta which has been 
rarely used conventionally as additive element, and by properly adding Co, Cu, and Ni 
which are effective for suppressing formation of delta-ferrite, and presents a high Cr 
ferrite steel excellent in high temperature strength, comprising, by wt.%, C: 0.03 to 
0.12%, Si: 0.1 to 0.7%, Mn: 0.1 to 1.0%, P: <0.025%, S: <0.015%, Cr: 8 to 13%, Mo: 0.1 
to 1.5%, W: 0.1 to 3.5%, V: 0.01 to 03%, Nb: 0.01 to 0.2%, Co: 0.1 to 3%, Cu: 0.1 to 3%, 
Ni: 0.1 to 1 %, B: 0.0005 to 0.01 %, N: 0.01 to 0.1 %, and Os: 0.01 to 3 %, with the 
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remainder of iron and inevitable impurities. 
[0026] 

The actions of the components used in the steel of the fourth preferred 
embodiment of the invention, and the reason of limiting the contents thereof are 
explained below. The actions and contents of C, Si, Mn, P, S, Cr, Mo, W, V, Nb, Co, Cu, 
Ni, B and N are same as in the first preferred embodiment. Os (osmium) is large in 
misfit (degree of lattice distortion) with Fe matrix, and large in coefficient of diffusion in 
Fe, and when a solid solution of Hf is formed in Fe matrix, the motion of transition is 
disturbed and the high temperature strength is enhanced. Fe matrix has a wide solid 
solution limit to Os, and the high temperature strength elevates in proportion to the 
content, but considering the economy, its upper limit is set at 3%. At less than 0.01 %, 
no effect is obtained, and hence the preferred content range is 0.01 to 3.0%. 
[0027] 

The high Cr ferrite steel excellent in high temperature strength of the invention 
also includes, aside from the components described above, inevitable impurities and iron. 
Inevitable impurities are elements mixed in from the materials in the manufacturing 
stage which cannot be removed by refining, and are specifically Al, O, Sn, As, an Sb. 
Contents of inevitable impurities are P < 0.03, S < 0.03, Al < 0.01, O < 0.01, Sn < 0.01, As 
<0.01, and Sb < 0.01. 
[0028] 

[Examples] 

Specific examples are described below, but it must be noted that the invention is 
not limited to these specific examples alone. Table 1 and Table 2 show the chemical 
composition of the materials presented for tests, and Table 3 and Table 4 show results of 
material characteristic tests. 
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Example 1 

In Table 1, A to D are comparative steels, and AA to AL are steels of the 
invention in example 1. Steel A, steel B, and steel C are materials equivalent to Thermal 
STBA27, Thermal STBA28, and Thermal SUS410J2TB specified in technical standard of 
thermal power plant facilities, and steel D is a material equivalent to X20CrMoV12 of 
DIN standard. These steels were melted in high frequency vacuum melting furnace of 
30 kg, and ingots were forged at 1150 to 950°C. Steel A and steel B were normally heat 
treated by normalizing at 1050°C x 1 hr AC (air cooling), and tempering at 770°C x 1 hr 
AC. Steel C and steel D were treated by normalizing at 1100°C x 1 hr AC, and 
tempering at 780°C x 2 hr AC. The steels of the invention were treated by normalizing 
at 1070°C x 3 hr AC, and tempering at 780°C x 2 hr AC. 
[0029] 

The sample steels were evaluated by tensile test (JIS Z 2241), Sharpy impact test 
(JIS Z 2242), and creep rupture test (JIS Z 2272). The tensile test was conducted at 
room temperature and 600°C, and the creep rupture test was conducted at 600°C, 650°C, 
and 700°C, for a long time of a maximum of about 10000 hours, and the creep rupture 
strength at 650°C x 10 5 hours was determined. In Sharpy impact test, 
ductility-brittleness rupture transition temperature was determined according to JIS Z 
2202. 
[0030] 

Results are shown in Table 3. As clear from Table 3, the steels of the invention 
present higher values than the comparative steels in tensile strength and 0.2% yield 
strength at ordinary temperature and 600°C. Further, the creep rupture strength of the 
steels of the invention is far superior to that of the comparative steels. The 
ductility-brittleness transition temperature of the steels of the invention is equivalent to 
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the value of the existing steel of the comparative steels, and there is no practical problem. 
Hence, the steels of the invention are materials having high temperature strength 
substantially higher than that of the existing steels, and toughness equivalent to that of 
the existing steels. 
[0031] 

Example 2 

In the same manner as in example 1, the material characteristics of steel 2 of the 
invention (samples B A to BL) were evaluated by tensile test, Sharpy impact test, and 
creep rupture test. Results are shown in Table 3. As clear from Table 3, the steels of 
the invention, same as steels of example 1 of the invention (AA to AL) present higher 
values than the comparative steels in tensile strength and 0.2% yield strength at ordinary 
temperature and 600°C. Further, the creep rupture strength of the steels of the 
invention is far superior to that of the comparative steels. The ductility-brittleness 
transition temperature of the steels of the invention is equivalent to the value of the 
existing steel of the comparative steels, and there is no practical problem. 
[0032] 

Thus, the steels of the invention are, same as the steels of example 1 of the 
invention, materials having high temperature strength substantially higher than that of 
the existing steels, and toughness equivalent to that of the existing steels. Zr, one of the 
characteristic additive elements of the invention, is more inexpensive than Hf used in 
example 1, and it is more beneficial economically than example 1. 
[0033] 

Example 3 

In the same manner as in example 1, the material characteristics of steel 3 of the 
invention (samples CA to CL) were evaluated by tensile test, Sharpy impact test, and 
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creep rupture test. Chemical compositions of materials are shown in Table 2, and test 
results are shown in Table 4. As clear from Table 4, the steels of the invention, same as 
steels of example 1 of the invention (AA to AL) present higher values than the 
comparative steels in tensile strength and 0.2% yield strength at ordinary temperature 
and 600°C. Further, the creep rupture strength of the steels of the invention is far 
superior to that of the comparative steels. The ductility-brittleness transition 
temperature of the steels of the invention is equivalent to the value of the existing steel of 
the comparative steels, and there is no practical problem. In the steels of the invention, 
further, as compared with the steels in example 1 (steel adding Hf) and example 2 (steel 
adding Zr), since the solid solution limit of special additive element (Ta) in Fe is wider, a 
higher content can be added, and a high creep rupture strength is obtained. 
[0034] 

Thus, the steels of the invention are materials having high temperature strength 
substantially higher than that of the existing steels, and toughness equivalent to that of 
the existing steels, and are superior in high temperature strength as compared with steels 
of examples 1 and 2 of the invention. Being superior in high temperature strength as 
compared with steels of examples 1 and 2 of the invention, the material can be formed 
more thinly, and thermal stress due to start and stop of plant can be reduced, and 
generation of damage can be prevented, which contributes to enhancement of plant 
reliability. 
[0035] 

Example 4 

In the same manner as in example 1, the material characteristics of steel 4 of the 
invention (samples DA to DL) were evaluated by tensile test, Sharpy impact test, and 
creep rupture test. Chemical compositions of materials are shown in Table 2, and test 
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results are shown in Table 4. As clear from Table 4, the steels of the invention, same as 
steels of example 1 of the invention (AA to AL) present higher values than the 
comparative steels in tensile strength and 0.2% yield strength at ordinary temperature 
and 600°C. Further, the creep rupture strength of the steels of the invention is far 
superior to that of the comparative steels. The duct ility-br ittleness transition 
temperature of the steels of the invention is equivalent to the value of the existing steel of 
the comparative steels, and there is no practical problem. In the steels of the invention, 
further, as compared with the steels in example 1 (steel adding Hf), example 2 (steel 
adding Zr), and example 3 (steel adding Ta), since the solid solution limit of special 
additive element (Is) in Fe is wider, a higher content can be added, and a high creep 
rupture strength is obtained. 
[0036] 

Thus, the steels of the invention are materials having high temperature strength 
substantially higher than that of the existing steels, and toughness equivalent to that of 
the existing steels, and are superior in high temperature strength as compared with steels 
of examples 1, 2 and 3 of the invention. Being superior in high temperature strength as 
compared with steels of examples 1 to 3 of the invention, the material can be formed 
more thinly, and thermal stress due to start and stop of plant can be reduced, and 
generation of damage can be prevented, which contributes further to enhancement of 
plant reliability. 
[0037] 

[Effects of the Invention] 

As described herein, the invention presents ferrite steel having a composition as 
shown in Table 1, forming a stable texture at high temperature, and substantially 
improved in creep strength at high temperature of 600°C or higher which has been 
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difficult in conventional high Cr ferrite steel. The steel of the invention has creep 
strength equivalent to that of austenite steels such as SUS347HTB, SUS321HTB, and 
SUB316HTB. The steel of the invention has all advantages of austenite steel, such as 
toughness, processability and economy, and is expected to be applied widely in tubes, 
plates, and other forged part of various shaped, in place of the existing austenite steels, as 
high temperature pressure-proof members in industrial fields including boilers, chemical 
engineering, and nuclear power plants. 
[0038] 
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Table 2. Chemical composition of sample steels (continued) (wt.%) 
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2.24 


030 


ao? 


2.08 


04? 


135 






0-64 




CLOGS 0X45 


CK 


a 09 


ais 


044 


COO? 


aoos 


10.12 


a 13 


1.9S 


0.19 


ox* 


1.99 


031 


0*6 






aB6 




a 004 0X44 


CL 


ao? 


03S 


051 


0O06 


CL006 


103L 




2,0? 


031 


-ML. 




asi 


1.43 






as? 




aoaa ox49_ 


DA 


008 


0.28 


a45 


OJQOS 


OX06 


laso 


ais 


2.56 


OJO 


ox? 


1.81 


02« 


0,87 








0.93 


0X03 0X45 


OB 


ao? 


(L30 


0.48 


0307 


0X04 


10.73 


ai? 


2.41 


031 


008 


135 


033 


0,94 








135 


0.004 0X44 


DC 


ao6 


0.26 


0.36 


ouaot aoos 


11-26 


036 


2.20 


032 


006 


136 


0/48 


1.80 








138 


0X03 0X43 


DP 


aos 


031 


031 


0.009 


0X06 


9X2 


ai7 


2X5 


0.19 


0X7 


2X3 


a 19 


a?* 








131 


0-003 0X46 


DE 


009 


037 


CAt 


aoos 


0.007 


nxs 


0.33 


2.07 


033 


0X8 


IJ9I 


0.40 


1.8) 








0.98 


0X03 0X50 


Invention 4df 


oca 


039 


0.48 


0XXJ7 


a 006 


1132 


0.18 


204 


039 


0X8 


\M 


0.43 


1.85 








1X0 


0X03 0X49 


DO 


0.11 


033 


0/49 


OjDOS 


aoos 


8.96 


0^4 


231 


03! 


0X7 


3L43 


ai9 


0^5 








1/65 


0X03 0X39 


pa 


0J06 


031 


0/» 


0J0OS 


aoo? 


1032 


031 


2.38 


039 


aos 


134 


038 


1X3 








1.78 


0X05 0X43 


DJ 


008- 


021 


035 


OJD07 


0.006 


IIX1 


033 


1,64 


ai? 


0X9 


134 


035 


L32 








231 


0X04 0X52 


DJ 


037 


a 19 


0-48 


0306 


0.006 


1034 


035 


260 


0-24 


0X6 


1.97 


C32 


0^4 








230 


a 002 0X41 


DK 


OJ39 


azt 


031 


0307 


0X07 


10.10 


<L21 


1.9* 


0L2O 


COB 


I.7S 


C.19 


038 








1X1 


0 003 0X43 


DL 


037 


a3S 


0.18 


0307 


aoos 


12.01 


ais 


2,60 






ni. 


njj 


137 








IjfiS 


a004 0X45 



[0040] 

Table 3. Mechanical properties of sample steels 

*1 Tensile test at ordinary temperature *3:Tensile strength(kgf/mm 2 ) *5:Elongation(%) 
*2:Tensile test at 600°C *4:0.2% yield strength(kgf/mm 2 ) 

*6:Ductility-brittleness transition temperature(°C) 
*7:Creep rupture strength at 650°C 10 5 





Sample 


*1 


*2 


*6 


*7 




*3 


*4 


*5 


*3 


*4 


*5 




A 


6l 1 


38.7 


30 


340 


250 


3d 


5 


IS 


Comparison 


B 

C 


63 9 
65* 


51 2 


25 

£0 


yy4 

325 


264 
245 


36 
35 


0 
23 


A3 
30 




D 


foJm 




30 


393 


300 


36 


20 


23 




aa 


B I_3 


52. 1 


21 




IS 1 


31 


3 


8J8 




AB 


an t 




iU 




373 


35 


10 


8,7 , 




AC 


o«> « 
KU 




24 


A &. 2 


335 


34 


0 


95 




AD 


775 


38L2 


25 


40.2 


302 


35 


10 


8.1 




AE 


! 192 


59A 


27 


4X3 


XLB 


34 


15 


85 


wention 1 


AF 


75\8 




26 


393 


283 


S3 


26 


73 




AC 


91.S 


613 


22 


49.9 


40J 


33 


10 


83 




AH 


19-5 


594 


28 


42* 


33.1 


37 


15 


8.7 




At 


81.8 


62.7 


24 


MJ 


414J 


32 


3 


93 




AJ 


81.6 


62.5 


23 




4a? 


33 


S 


83 




AK 


TftjO 


59J 


28 


4CL5 


SX8 


36 


10 


83 




AL 


78* 


so.o 


28 


4IJ 


33 3 


3S 


15 


85 




BA 


79:2 


5S.B 


28 


404T 


305 


23 


20 


8,2 




BB 


798 


59.6 


25 


425 


32,8 


34 


10 


85 




ac 


795 


$9.1 


28 


404 


30.9 


36 


5 


83 




BD 


7&0 


3*1 


28 


39.3 


29.1 


.35 


15 


73 




BE 


83,} 


65.1 


2d 


50U0 


425 


32 


0 


93 


nvention 2 


BF 


S3.0 


643 


26 


5D.I 


*|5 


32 


3 


95 




fiO 


7?$ 


3*5 


26 


405 


303 


36 


5 


83 




BH 


8£S 




28 


502 


415 


34 


3 


9.4 




Bl 


31.8 




24 


47.1 


40.9 


31 


19 


83 




BJ 


78,8 


393 


23 


4BS 


31J0 


3$ 


19 


85 




BK 


$03 


59-8 


27 


425 


33JQ 


34 


5 


8.6 




BL 


77.8 


585 


26 


405 


30.4 _J 


33 


10 


8.1 



[0041] 

Table 4. Mechanical properties of sample steels (continued) 

*1 Tensile test at ordinary temperature *3:Tensile strength(kgf/mm 2 ) *5:Elongation(%) 
*2:Tensile test at 600°C *4:0.2% yield strength(kgf/mm 2 ) 

*6:Ductility-brittleness transition temperature(°C) 
*7:Creep rupture strength at 650°C 10 5 





I 

Sample 




*1 




*2 


*6 


*7 




*3 


*4 


*5 


*3 


*4 


*5 




CA 


813 


70,7 


24 


4J.0 


375 


33 


20 


10.0 




CB 


83,1 


71,4 


27 


473 


37.7 


35 


If 


105 




cc 


83.1 


715 


25 


47.8 


373 


34 


10 


106 




CD 


835 


723 


n 


SQA 


4X0 


33 


5 


115 




CB 


835 


7M 


23 


43.1 


38.2 


33 


10 


10.7 


Invention 3 


CF 


83.4 


713 


25 


50.1 


4S5 


32 


0 


112 




CO 


83L2 


715 


26 


43J2 


385 


33 


io 


104 




CH 




72.1 


23 


30jO 


413 


33 


a 


tM 




a 


8*6 


713 


25 


485 


39.7 


34 


5 


103 




CI 


825 


703 


27 


49.1 


39A 


33 


10 


10,7 




CK 


833 


72i> 


26 


495 


40J8 


35 


3 


1 1.1 




CL 


S4J2 


725 


28 


50.7 


413 


34 


5 


113 




DA 


833 


715 


% 


50.7 


42.1 


35 


IO 


1 12B 




Dfc 




77_D 


23 


51.2 


425 


13 


5 


12 A 




DC 


84.6 


72.3 


25 


513 


425 


33 


3 


125 




DD 


833 


715 


25 


50.7 


433 


34 


10 


12.1 




DE 


S3 5 


713 


24 


505 


425 


34 


15 


113 


nvention 4 


DF 


83.4 


7M 


26 


SG-4 


42.1 


35 


!0 


123 




DO 


8*3 


72J3 


26 


51-4 


*1.7 


32 


3 


12.7 




DH 


&4,6 


72.1 


26 


315 


42.6 


33 


5 


12.7 




Ol 


8S5 


72.6 


34 


314 


43.0 


32 


0 


123 




D3 


855 


723 


24 


515 


43.2 


33 


0 


135 




DK. 


835 


71 A 


27 


505 


413 


35 


10 


123 




PL 


850 


71A 


24 


315 


42.8 


34 


5 


123 



